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A multSplex PGR assay was developed by using primers to the fiber gene that could differentiate human adeno- 
virus (Ad) species A through F iu a single amplification reaction. Hie assay correctly identified t)te species Of 
all 49 recognized Ad prototype strains as well as 180 geographically and temporally diverse Ad field isolates. 
Ad serotype 6 (Ad6) (species C)> Adl6 (species B), Ad31 (species A), and Ad40 and Ad41 (species F) could also 
be distinguished by amplicon size within each rc&pectiYe species. In comparison^ a previously described Ad 
species-specific multiplex PGR assay that used primers to the Ad hexon gene gave equivocal results with several 
serotypes of species whereas our multiplex assay amplified all species B serotypes equally well. Our multi- 
plex PGR assay will permit rapid^ accurate, and cost-effective classification of Ad isolates* 



Human adenoviruses (Ads) have been recovered from vir- 
tually evciy human organ sj^em and have been associated 
with a wide spectrum of clinical disease (20). There are pres- 
ently 49 recognized Ad serotypes defined by neutralization 
with type-specific animal antisera, and candidate serotypes 50 
and 51 have recently been reported (11). Ad serotypes can be 
classified into six species (formerly subgenera [5]), designated 
species A through F, This classification scheme is generally 
consistent with subgroupings of Ads on the basis of their 
physiocochemical, biological, and genetic properties and is di- 
agnostically important in that infections with different Ad spe- 
cies and serotypes are often associated with distinct clinical 
outcomes and epidemiologic features (for a review, see refer- 
ence 46). 

For type-specific identification of Ads, a provisional group- 
ing is usually first obtained by determining the agglutination 
patterns of the isolate with human and animal erythrocytes 
(19. 44). Differentiation of Ads into smaller, more manageable 
groups makes subsequent typing more convenient and con- 
serves antisera; in many cases, species identification is suffi- 
cient for clinical investigations. If ^yp^-sp^cific identification is 
desiredj hemagglutination inhibition can be performed with 
animal antisera prepared to each Ad serotype. However, hem- 
agglutination patterns can sometimes be diifiicult to interpret 
and do not readily differentiate all Ad species, and erythrocytes 
with acceptable agglutination properties may be diJficult to 
obtain from some animals (20). Type-specific neutralization 
can provide a definitive identification, but results may not be 
available for v^eeks, and unless the hemagglutination proper- 
ties of the isolate are known or clinical or epidemiologic data 
that can narrow the choice of antisera to be tested are avail- 
able, neutrali2ation assays can be exceedingly work intensive. 
Ad serotype-spedfic rabbit immune sera (15) and monoclonal 
antibodies (53) have successfuUy been used to classify Ads, but 
these reagents are not widely available; and Ad genomic DNA 
restriction fragment analysis (1), although of proven value for 
molecular epidemiologic studies, poses the same problems 
of work intensity and required expertise as classic methods. 
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Consequently, few diagnostic laboratories identify Ads beyond 
the genus Mastadenovirus. 

The PGR assay has become a popular alternative for Ad 
detection, offering the potential for rapid» sensitive, and pre- 
cise molecular identification. PCR assays with Ad group-spe- 
cific primers individuaUy (4, 8, 10, 12, IS, 24, 30, 32, 36, 37, 43) 
or combined in assays for multiple human pathogens (16, 25, 
34) have proved to be comparable or better than classic cell 
culture or nnmunodiagnostic methods for detection of Ads in 
clinical samples. ?CR has also been used lor classification of 
Ads to the species and serotype levels on the basis of tests with 
primers to the pIX (3), VA RNA (29), and hexon (9, 24, 37, 40, 
42) genes. 

The diagnostic utility of the fiber gene, whose product me- 
diates cellular attachment and hema^utination and, together 
with the hereon, confers Ad serotype specificity (33, 52^ as a 
suitable site for molecular discrimination has not been evalu- 
ated. Therefore, our objective in this study was to develop a 
nonnested multiplex PCR for one-step amplification and iden- 
tification of human Ad species on the basis of tests with prun- 
ers designed to the fiber gene. The efficacy of our assay was 
compared with that of a recently described multiplex PCR that 
used primers to the Ad hexon gene (42). 

MAl^m iLS AND METHODS 

Ads. Hie Ads used in this smdy inctuded (i) prototype strains Adl to Add? 
obtained from the AmerfcAa Type CuhUrO Collection (Rockvillc^ Md.) or the 
National Institute of Allergy and IntectiOliS Di&eaic& (National Institute of 
H&alth, Bcthcsda, Md.); (ii) prototype strains Ad4S (TS5-S84) and Ad49 frS7- 
677), kindly provided by David Sduiumr. Berkeley, Califs and (iii) 180 temporally 
and geographically diverse field isolates obtained from CcuKn for l^isease 
C^trol and Prevention (CDC) archives. 

Ad IdentiflcatlDii. All archived Ad strains waifft oH^ally isolated in HEp-2, 
primary human embryonic kidney (HEK), axuVor Oraham-^?? cells and were 
typed ftl CDC by hemagglutination inhibition (23) aAd/or neutrali^fttioo (Zl) 
assays w{th Ad-specific reference horse antisera (22). PCR testins was p^ttotmt^ 
directly with the Ori£;iaai Ad isolate. Ads giving discrepant PCR re$vlt$ ^ere 
pa^sa^d OnOO in A-549 or Grahani-29a cclla in Eaglets minimal essential me^ 
dium supplemented with 2% fetal bovine scrum and antibiotics and were 
tested neutral ^^al^On assay and PCR, All presumptive Ad type 40 (Ad4Q) and 
Ad41 isolates were also tested by a commercial en^e immunoassay with 
Ad40/41 serotype-spedfic monoclonal antibodies (J^rcmicr Adcnodonc-T^e 40/ 
41; Meridian DiagpnosticSp Tnc. Cincinnati, Ohio). 

PGR assays^ (t) Ad sptCles-spcdAc primers. Candidate species-specific oligo- 
nucleotide primers complementaiy TO the fiber gene Of the respective Ad species 
were dcsifiocd from alignment* prepared by the program PI LEU P (Genetics 
Computer Group) of 34 previovtsly subrailted fiber gene sequences available 
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TABLE 1. Oligonucleotide primers for PCR amplification of adenovirus species 





Primer 


Polarity 


Gene 


Gene 


Position 
(nt DO.y 


Sequ^fDce (5'-^') 


Axuplicoo 
Size ^Dpj*^ 


A toF 


Adl 

Ad2 


+ 


Hexon 




1S34-1S53 
2315-2296 


TTCCCCATGGCICAYAACAC 
CCCTGGTAKCCRATRTrGTA 


482 


A 


AdAl 
AdA2 


+ 


Fiber 


Tail 
Knob 


29392^29414 
3{>92S-30908 


GCTOAAGAAMCWGAAGAAAAtGA 
CRTITGGTCrAGGGTAAGCAC 


1444-1537 


B 


AdBl 
AdB2 


+ 


Fiber 


Tail 
Knob 


4573-^595 
5242-5220 


TSTACCCrrATGAAGATGAAAGC 
GGATAAGCTGTAGTRCTKGGCAT 


670-772 


C 


AdCl 
AdC2 


+ 


Fiber 


Flank 
Flank 


333-354 
2320-2301 


TATTCAGCATCACXTCCnTCC 
AAGCTATGTGGTGGTGGGGC 


1988^2000 


D 


AriDl 
AdD2 




Fiber 


flank 
Flank 


5-25 

1219^1198 


GATGTCAAATrCCTGGTCCAC 
TACCCGTGCTGCTGTAAAAATC 


1205-1221 


E 


Ad£l 
Ad£2 


+ 


Fiber 


Tail 
Knob 


1014-994 


TCCCTAOGATGCAOACAACG 
AGTQCCATCrATOCTATCTCX; 


967 


F 


AdFl 
AdFZ 


+ 


Fiber 


Shaft 
Shaft 


1734^1754 
2274-2253 


ACTTAATGCTGACACGGGCAC 
TAATGTrrGTGTrACTCCGCTC 


541-586 



' Nudeotidfi (nt) DumbeHnj; for Ad £yo\)p<&pecific primers based On publisbxl h&xOn gene sequence of Ad3 (41); nudeotidc numbering for Ad 
prrniciB based on published fiber g;es» sequences of Mt2 (49), Ad7 (26)» Ad5 (7)* Add (39)> Ad4 (17>> and Ad40 (27): 
* Predicted ampliooD size raoge based on prevlautly published nucleotide sequences of repre&bntative Ad serotypes for each species. 



spcciea-spccHtc 



from OenBank (OenBank $equenoe AC«e«SiOn nitmbCiS are given in parenthe- 
ses): apedes A, Adl2 (ii73d87) And Ad31 C<7654S); Ipecies B, Ad3 (nil2411), 
Ad7 (Z4S954X Ad7 (m23696) AdU (108232). Adl6 (u06l06). Ad21 (u06l07). 
Ad34 (U1Q271). and Ad35 (u32664, u 10272); specie* Q Ad2 Cf01917 and lt00049X 
and AdS (inl8369); species Ad8 (3(72934 and x746d0), Ad9 (3^4459). Ml5 
(X74658, 174669, and 875136), Adl7 (aflOSlOS amd yl4241)» Adl9 (u69l30. 
U69131. and x94485>, Ad28 (y 14242). and Ad37 (u69132, x94484)t ${wdes E, Ad4 
(js76541 and 119194); and species F, Ad40 (119443 and ra2fiS22), Ad41 (xld583). 
and Ad41 (m60327). Sequence data from a limited re«on of the fiber ci 
12 Strains Of Ad40 and Ad41 published by Kidd et a1. (jlB) were also included in 
the anatyth. The spedeS-Spocific primer paii^ corresponding to species A, B, 
(X D, £, and F> retpectivdty, that gave the best results individually and in 
multiple;)^ PCR ar^ listed in Tftble 1. 

(It) Ad £^p^(p(9(Ific pHnwka. Ad group-Specific piimeis complementary to 
Tegicms of the hexon gene conserved among all recognized human Ad serotypes 
were designed from alignments of 23 previously p^jblisbed hexon gen* sequences 
(GenBank accession numbers are given iu pareplheses); Speeies A, Adl2 
(3173487) and Ad31 (x74661); species B. Ad3 (x76S49), Ad7 (x76551, t4|J57l. 
afD650ti3. aft)530S6. aiDS30S7: afQS30a5, afD65067, afO£506S, and afD£50£fi), and 
Adl6 (^Ai62): species C. Ad2 GO 19 17) and Ad5 0Q195G and 3(02997); species 
Ad4d (u20821): spedes E> Ad4 (3g84646, afQ&5062, afi)6S063. and af06SD64); and 
(pedes F. Ad40 (xS1782) and Ad41 (x517S3) (Table 1). All DMA extracts were 
tested Vnth the Ad^eoifiC group primeis to confirm successful extraction of Ad 
WA. 

(iU) DrtA «xt^tloki* For Ad DNA excracu'on» 50 |il of Culture lysate was 
added to a 1S^\ microcentrifuge tube containing 150 |iJ Of distilled UjO^ 60 ^ 
of 5X TNE buffer (50 mM Tris-Ha, 5 raM EDTA, 50 mM NaQ (pH 8^]K 30 
Hkl of 109^ sodium dodecyl sulfate, and 10 ;il ot 10 mg of proteixtase K. (Boehr- 
ingcr Mannheim) per ml, and the tube was haated at 50X! tor 60 min. The DMA 
was then extracted once with equal volume$ of phenol, <^ftce vAth pheool-chlo- 
roform-isoamyl aloobcl (25:24:1), and once with chloct^oim-isomyl alcohol (24: 
1). 

(Iv) DNA ampllflcaflaD and dctecdon. PCR was performed in 50-fil volumes 
containing 45 pA Of reaction mixture (10 mM TVis-HQ [pH 8.3], 1.5 mM MgCl^, 
50 mM KCl, 200 (jiM each deoocynudeoside triphosphate, 0.2 mM each primer, 
1 D of Tag i)>}A polymerase [Boehringer Mannheim)) per target species and 5 
|U of DNA retract The aFRpUHcatiOn reaction was carried out in a GeneAmp 
PCk System 2400 thermal C>cler (Applied Biosystems) with (i) preliminaiy 
denaturation for 5 mb at 94*C, followed by (ii) 30 cycles of denatuiadon at 94*C 
for 1 nain, annealing at 54*C tOt 45 «, and primer extension at TZ^C fOr 2 min and 
(iii) a final prod^ exteMlon at 72*0 for 5 min. Ten microliters of each reaction 
product was then visualised by etfaidiUm bromide staining and UV transibumi- 
nation following electtophoretic separation (1.5 h» 120V) On 1% agarose gels. 

Sensitivity and spectflcity studies. The sensiti^ty Of the multiplex PCR assay 
was evaluated with repnsaentative serotypes for each of the siJK Ad species (AdlZ. 
Ad7, AdS, AdS, Ad4, Ad4D). Ad genomic DNA was purified by tha method of 
Elsom and Heizog (14) and was quantified cp«ctrophoto^eMcaUy at an opUcal 
density at 2^ nm. Serial IQ-fold dilutions of purified Ad DNA wore amplified m 



the muUi[to PCR assay, and the detection limits were determined for each 
serotypcw The minimum number of Ad genome copies amplified was then esti- 
mated from the formula of Uchio et al. (51). To exclude the posaibOity that our 
Ad primers might crOSS-react with other DNA viruses, DNA extracts of bcipcs 
simplex virus types 1 and Z» Bpsteln-Barr virus, cytomegalovirus,, varioeUa^oster 
Virua» simian vacuolating virus 40. and human parvovirus B19 were also tested. 

CompariSOD of multiplex FCR assays* As a means of valtdatiog Our assay and 
comparing our primers to primers that target other regions of the Ad genome, 
selected Ads were simtUtaneously tested by a previously described multiplex POf^ 
assay that used species-apecifie primers to tKe Ad bexon gene (42), 

RESULTS 

Development and optimization of multiplex l^CBi assay. The 
primers designed in this study were ev^ated in multiple com- 
binations under various araplifxcatiou conditions to identify 



M A-F A^D,F e.O,e e.CE B,C,D Nog 
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FIG. 1. Hthidium bromide-stained agarose gel showing PCR products from 
five different combinations Of Ad species-specific primers. Lanes, from left to 
right:, respectively: M. molecular weight marker 11 1 (Bocbringer Mannheim): 
Species A-F. species A to F; A-D. F, spedes A B. C. D» and F; B, D, E. spedeS 
B» D, and E; B, C Species B» d and E: B, C D, species B. C. and D; Nee> 
template-free negative OOntroL Numbers on the left are in base paiis. 
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A B C 

Wl P 12 18 31 3 7 11 14 16 21 34 35 1 2 5 

^ 



M 8 9 10 13 15 17 19 20 22 23 24 25 26 27 28 29 30 32 33 



D (cont.) E F 



mi36 37 38 39 42 43 44 45 46 47 48 49 4 40 41 M 



flO. Z. Ethidiuni bromide^taiDed agjirose gel showing t'CR products of 49 Ad prototype strains. Laoes^ froia left to rights lespectivdy: M. molecular wejghi marker 
lU (Boehringer MaRnb«im); P« pooled control DNAs Of representative Ad serotypes Of species A to 1 to 49, individual Ad serotypes: pooled control DNA witbOUt 
indicated A4 speci«$. Humbert on the left are in bASe pairs. 



primer pairs that give optimal results with representative Ad 
serotypes of each species (species A, Ad 12; species Ad7; 
species Q Ad5; species D, AdS; apcdcs E, Ad4; and species F, 
Ad40). When the final optimized assay was tested with purified 
Ad DNA, approximately 165, 10, 100, 185, 5, and 20 genome 
copies of the six respective serotypes were detected. The mul- 
tiplex PGR assay could amplify all six representative serotypes 
of each species in a single reaction, or selected primer subsets 
could be combined for isolates a^ciatcd with particular clin- 
ical presentations, e.g., combinations of primers specific for 
species A, B, C, D, and F, species B, D, and E, spedes B, C, 
and E, or species B, C, and D for isolates associated with 
gastroenteritis, conjunctivitis, respiratory infections, and geni- 
tal-urinary tract infections, respectively (Kg. 1). No cross-re- 
actions were observed with the aforementioned non-Ad DNA 
viruses, and cultures for two Ad isolates that contained con- 
taminating adeno-associated virus were correctly identified 
to the species level without apparent interference (data not 
shown). 



Evaluation of multiplex PGR with Ad protofype strains^ 
When tested against each of the 49 Ad prototype strains, the 
multiplex PGR assay generally gave intense, discrete bands of 
the expected size (Fig. 2). Variations in amplicon size between 
serotypes were noted for some species, as predicted from pub- 
lished sequences: for species A, Ad31 amplicons (1>444 bp 
[40]) were smaller than Adl2 amphoons (1^7 bp [49]); for 
species B, Adl6 amplicons (772 bp (47]) were larger than Ad3 
and Ad7 amplicons (670 bp [26, 48]); and for species F, Ad40 
amplicons (541 bp [27]) were smaller than Ad41 amplicons 
(586 bp [35]). Ad6 amplicons were smaller (-^50 bp. as es- 
timated by gel electrophoresis) than the amplicons of isolates 
of other species C serotypes. In addition to size differences, 
secondary amplification products of smaller molecular size 
(—900 bp, as estimated by gel electrophoresis) were present for 
Ad36 and Ad44 of species D. However, the secondaiy bands 
had lower intensities and their sizes did not interfere with 
interpretation of the assay results. Adl8 amplicons were IcSS 
intense than the amphoons of other species A isolates in the 
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multiplex reaction but were still detectable; when the species 
A-speciflc primers were tested indivLdually with Adl8, the am- 
piicon yield was comparable to those obtained with the other 
species-specific primers. 

ETaluation of multiplex FCR with Ad field isolates* Of ISO 
diverse Ad isolates tested by multiplex PCR, 173 correctly 
matched the species previous^ determined by hemaglutinatlon 
inhibition and/oT neutralization assay (Table 2), Seven "misi- 
dcntiJiBd*' Ads were passaged once in A549 cells and were 
retested by neutralization assay with horse antisera specific for 
the original Ad serotype and aU serotypes within the newly 
designated species. In eveiy case, the Ad serotypes identified 
differed from the original serotype designation and were con- 
sistent with the species identified by the multiplex PCR assay 
(Table 3). Amplicons of 19 field isolates previously serotyped 
as Ad31 (6), Ad6 (4), Ad40 (2)^ and Ad41 (3) were identical in 
size to the amplicons of the respective prototype strains. Al- 
though the amplicons of only 5 of 11 field isolates previously 
serotyped as Adl6 were identical to the amplicons of the pro- 
totype strains, the 6 isolates that gave discrepant results were 
identified as Ad3 on retesting by neutralization assay. Two 
isolates that were neutralized with both Adl2 and Ad31 anti- 
sera were consistent with Adl2 according to their amplicon 
sizes. Three isolates, previously designated Ad39 and Ad40 
and subsequently reclassified as Ad31 by neutralization assay, 
were confinned to be Ad31 according to their amplicon sizes; 
these isolates were obtained from children with acute gastro- 
enteritis, consistent with the clinical profile for this serotype. 

Coni^rison of multiplex PCR assays. To further assess the 
specificity of our multiplex PCR assay, the 180 Ad field isolates 
were simultaneously tested by a previously described multiplex 
PCR assay that used subgenus-spccific primers to the Ad 
hexon gene (42). In most cases, we obtained identical results by 
both assays (Tables 2 and 3). However, we were unable to 
amplify seven species B field isolates, including serotypes Ad7, 
Adll, Adl4, Ad21, and Ad35, by the hexon multiplex PCR, 
When the eight prototype strains of species B were amplified 
by the hexon multiplex PGR, only prototype strains Ad3, Ad7, 
and Adl6 gave definitive results, whereas Adll, Adl4> Ad21, 
Ad34, and Ad35 amplified poorly in both multiplex reactions 
and in reactions with the primers to the species B hexon gene 
alone. In contrast, our multiplex PCR successfully amplified all 
Species B strains (Fig. 3). 

DISCUSSION 

Our objective in this study was to develop a multiplex PCR 
assay that could supplant hemagglutination for Ad species 
identification. Whereas PCR assays described for identification 
of Ad species and serotypes have targeted the hexon (42), pIX 
(3), and VA RNA (29) genes, we chose the Ad fiber gene 
which, along with the hexon gene products, confers Ad type 
specificity and forms the basis of the hemagglutination inhibi- 
tion test (13, 52). Using previously published fiber gene se- 
quences, we were able to identify regions that were suitable for 
primer design and that were conserved within but variable 
between Ad species. The six PGR amplicons (firom species A to 
F) were readily distinguished by size, and therefore, species- 
specific identification could be obtained without reliance on 
a second nested PCR or restriction enzyme analysis. Our six 
subgenus-specific primer pairs could be combined in a single 
multiplex reaction, and reactions could be run with the primers 
individually or in various combinations, as dictated by the 
clinical presentation or virus isolation site. Mixed Ad infections 
invohong different species could theoretically be detected, and 
fastidious Ads that maybe diflficult to grow to sufficient titer for 



TABLE 2. Comparison of types determined by spccies-spcciiic 
multiplex PCR assays with types of 180 previously 
typed Ad field isolates 



identification* 



No. Of 
isolates 
tested 



No. of isolat*5 with 
the indicated r&$ul1: 



t^iber iitultiplex 
FCR assay 



^jcxon multiplex 
FCR assay' 



Species 


Serotype 




Correct 


InCOrrdCt 


Correct 


InCOrrett 


A 


12 


2 


2 


0 


2 


0 




lo 


lU 


Q 










31 


8 


7 


I 


7 


1 




31 + 12 


2 


2 


0 


2 


0 




Subtotal 


22 


20 


2 


20 


2 


B 


3 


4 


4 


0 


4 


0 




7, 7a 


42 


42 


0 


41 


1 




11 


3 


3 


Q 


1 


2 




11/H14 


1 


1 


0 


1 


0 




14 


1 


1 


0 


0 


1 




16* 


11 


11 


0 


11 


0 




21/H21 + 35 




2 


0 


0 


2 




34/Hll 


1 


1 


0 


1 


0 




34 


2 


2 


0 


2 


D 




35 


2 


2 


0 


1 


1 




Subtotal 


69 


69 


0 


62 


1 


C 


I 


8 


7 


1 


7 


1 




2 


10 


10 


0 


10 


0 




5 


4 


4 


0 


4 


0 






5 


5 


0 


5 


0 




Subtotal 


27 


26 


1 


26 


1 


Ti 
U 


a 
o 


^ 


2 


Q 


2 


0 




9 


I 


1 


0 


1 


0 




U 


1 


1 


0 


1 


0 




15/H2^ 


1 


X 


0 


1 


0 




17 


1 


1 


0 


1 


0 




19 


9 


9 


0 


9 


0 




22 


1 


1 


0 


1 


0 




23 


1 


1 


0 


1 


0 




2S 


\ 


1 


0 


1 


0 




20 


1 


1 


0 


1 


0 




30 


1 


1 


0 


1 


0 




32/H27 


1 


1 


0 


1 


0 




36 


1 


I 


0 


1 


0 




37 


2 


2 


0 


2 


0 




38 


1 


1 


0 


1 


0 




39 


I 


D 


1 


0 


1 




42 


1 


1 


0 


1 


0 




43 


1 


1 


0 


1 


0 




44/H13 


1 


1 


0 


1 


0 




45 


1 


1 


0 


1 


0 




46/H13 


1 


1 


0 


1 


0 




47 


I 


1 


0 


1 


0 




Subtotal 


32 


31 


1 


31 


1 


E 


4 


12 


12 


0 


12 


0 


F 


40 


6 


3 


3 


3 


3 




41 


4 


4 


0 


4 


0 




40 or 41 


8 


8 


0 


8 


0 




Subtotal 


13 


15 


3 


IS 


3 


Total 




ISO 


173 


7 


166 


14 



" Originat identificatias of Ad isolates by hemaggtutlnfition inhibition (23) 
and/or ncutralizatioD (21) aa&ay. Ei^^t A44C/4] Uobtet Originally identified by 
commercial Ad4Q/41 enzyme immunoassay ouly. 

^ Ad species-specific hexon multiplex PCR procedure perfotiued a$ described 
by Prins-Akcifolcm ct al. (42). 

' Six of 11 Adl6 field isolates wcm later identified as Ad3 0» retesting by 
neutraiizatioa ajiSay. 



identiiication by classic methods could readily be identified by 
PCR. 

Our multiplex PCR assay correctly identified all 49 recog- 
nized Ad serotypes and 180 geographically and temporally 
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TABLE 3. Conftimation at results for Ad isolates with discrepant rc$uU$ by species-specific miiltipleis: PCR assays 



Isolate 


Date collected 
(mo^day/yr) 


Location 


Original identification* 


Multiplex 
PCR assays* 


Repeat ideattfication* 






SpedM 


Serotype 


Fiber Hexon 


Species 


Serotype 


V-1707 


5/3/B4 


Alabama 


A 


Adl3 


C 


C 


C 


Ad2 


V-2362 


8/16/91 


New Mexico 


A 


Ad31 


D 


D 


D 


Ad36 


mmn 






B 


Adll 


B 


Ncfi 


B 


Adll 


v-2181 


12/20/88 


New York 


B 


Adll 


B 


Neg 


B 


Adll 


98034069 


XW95 


Egypt 


B 


Adl4 


B 




B 


Adl4 


V-2167A 


9/8/85 


TenEcssce 


B 


Ad21/H21 + 35 


B 


Neg 


B 


Ad21 + 35 


RU-8176 


2/24/77 


Tennessee 


B 


Ad21/H21 + 35 


B 


Neg 


B 


Ad21 -1- 35 


V-2079A 


4/30/87 


Canada 


B 


Ad35 


B 


Ncg 


B 


Ad35 


V-2064A 


1/30/87 


Colorado 


B 


Ad7 


B 


Neg 


B 


Ad7 


V-2215 


7/26/89 


Pennsylvaiiia 


C 


Adl 


D 


D 


D 


Adl9 


V-375-4 


8/28/89 


El Salvador 


D 


Ad39 


A 


A 


A 


Ad31 


V-2158B 




Maiyland 


F 


Ad40 


A 


A 


A 


Ad31 


V-1533-18 


\V2AiZ\ 


Arizona 


F 


Ad40 


A 


A 


A 


Ad31 


V-2159A 


6/29/88 


Maiyland 


F 


Ad40 




D 


X> 


Ad9 



« Original idestiiicatioa of Ad isolates made by heiua£$;[utiiiation inhibition (^) etndA>r neatra1i2;:«tiOA (21) assay. 
^ Ad speciB$-$pecific hexas multiplex PCR procedure performed 93 d^ribed by Priog^Akerblom et al. (42), 
' Repeat idsatificatioj3 of Ad isolates made by nucfoneutralizatlOA a$say with Cyp^^'Spedfic boi^e antidera. 
^ ND, not detcimined. 



diverse Ad field isolates to the species level, including several 
naturally occurring intermediate strains of species B and D. 
Several field isolates identified incorrectly by classic typing 
methods were correctiy identified by multiplex PCR, as con- 
firmed by repeat type-specific neutralization assay. Although a 
review of the original laboratory records did not identify any 
obvious e3[planatian for these errors, misreading of the hem- 
agghitination profile may have led to the selection of inapp-o- 
priate subsets of antisera for testing by the hemagglutination 
inhibition and/or neutralization assay. 

Serotype-specific identification of Ad6, Adl6, Ad31, Ad40, 
and Ad41 on the basis of differences in ampiicon size was an 
added benefit of our assay. Hiis could prove particularly useful 



for the diagnosis of infant gastroenteritis^ in which the three 
most commonly associated Ad serotypes, Ad31, Ad40, and 
Ad41 (2, 6), could readily be distinguished in a single amplifi- 
cation reaction. However, rare isolates of Ad41 possess a de- 
letion whose size is identical to that of the sequence gap that 
distinguishes Ad40 from Ad4l, which would result in the mis- 
dasslfication of these strains (28), and the occurrence of am* 
plicon length variants with DNA insertions or deletions among 
Ad field isolates should be anticipated. Therefore> confirma- 
tion of these serotypes by restriction fragment analysis, probe 
hybridization, or direct sequencing would be warranted. 

Most PCR assays for the species or serotype Identification of 
Ads have been limited in scope (3, 24, 37, 40) or dependent 
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FIG. 3. EtbidiuiD bromide-Stained agaiosc gel fihowiog PCR products of the liexon (A) and fiber (B) multiplex assays. Lanes: M» molecular weight marker VI 
(BoehriDgci Mannheim); 1, UoIatO 98034069; 2, V-Z06M; 3» 99018072; 4. V-2181; 5. V-2079A; 6, V-2167A; 7. RU-8176; 8. prototype Ad3; 9. Ad7; lO. Adl6; 11. Ad2l; 
12. Adll; 13 A(114; 14, AdSd; 15, Ad35; N, negatJve conuol. Both assays were peifonncd with the same Ad t>NA extracts^ find identical results wej« obtamed in two 
separate ami^caiiozi reactioi^. Numbers on the left arie in biise p^iirs. 
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upon restriction fragment length polymorphism analysis (29, 
45), which can complicate interpretation of assay results. Al- 
though seroiyping of Ads on the basis of sequencing of PGR 
products (31, 50) is potentially more informative, this approach 
is beyond the scope of most diagnoiitic laboratories, A more 
promising assay recently described by Pring-Akerblom et al. 
(42) was based on multiplex PGR amplification of Ad species 
with spedes-specific primers to the Ad hexon gene. However, 
in om hands this assay performed poorly with Adll, Ad21, 
Ad34, and Ad35, probably because of species B primer mis- 
matches; the lack of availability of hexon gene sequence data 
for these viruses may have compromised primer design. Nev- 
ertheless, we found that the hexon multiplex PGR assay gen- 
erally performed well with other Ad species and provided a 
useful complement to our assay in the idenciiication and ge- 
netic characterization of Ad isolates. 

We were unable to evaluate our multiplex PGR assay for 
direct detection of Ads in dinical specimens because the 
limited availability of suitable specimens and can therefore 
recommend our assay only for identification of virus isolates. 
To ftirther evaluate the accuracy of our assay, extensive pro- 
spective testing of geographically diverse Ad isolates is in 
progress. Because of time and cost constraints, few laborato- 
ries in the United States offer Ad identification services, and as 
the hyperimmune animal antisera pools used for hemagghiti- 
nation inhibition and neutralization tests become depleted, the 
need for molecular biology-based identification meUiods has 
increased. Our Ad spedes-specific multiplex PGR assay should 
help address this need. 

ADDENDUM IN PROOF 

After submission of this manuscript, we received prototype 
strains Ad50 and Ad5l from Jan de Jong, Erasmus University 
Rotterdam, Rotterdam, The Netherlands, for evaluation, 
AdSO and Ad51 were correctly identified as species B and D, 
respectively, by our multiplex PGR assay. 
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